Cancer has become a leading cause of mortality worldwide, next only to cardiovascular diseases. Patients who develop cancer are known to exhibit several genomic alterations. Conventional therapies for the management of cancer have their own limitations. Immunotherapy is coming up as a promising new option for millions of patients who are suffering from end stage metastasis or refractory malignancies. To this end, the goal of cancer immunotherapy is to recruit and potentiate immune cells that can generate a robust and long lasting immune response and specifically target the cancer cells with minimum damage to normal cells. These treatment strategies, when used either alone or in combination, are known to significantly effect tumor growth and have even produced cures. In this brief review, some of the most popular cancer immunotherapy approaches shall be reviewed. Recent data from clinical trials suggest that combining more than one immunotherapy mechanisms, in conjunction with other treatment options like chemotherapy, radiotherapy and targeted therapy , may be the way forward to a complete cancer cure.
Cancer is a complex illness that has become a leading cause of death worldwide, next only to cardiovascular diseases. The latest global statistics estimate the burden of cancer to rise beyond 18 million new cases and 9.8 million deaths annually by the end of 2018. Cancers have diverse genetic, environmental and lifestyle factors contributing to its etiology. Patients who develop cancer exhibit several genomic alterations which work along with epigenetic forces to drive tumor evolution and metastasis. 1, 2 With the advancements in the field of cancer biology, it has now become possible to understand the molecular nature of cancers and wield the genomic information to improve outcomes in the management of this deadly disease. Traditionally, the management of cancer has rested on three pillars of surgery, chemotherapy and radiation therapy as the standard of care. However, given the heterogeneous nature of tumor cells, these therapeutic modalities have their limitations. Besides, the chemotherapeutic agents which target the rapidly dividing cancer cells, often damage other normal cells of the body, especially the cells of bone marrow and gastrointestinal tract. 3 One of the major difficulties encountered in overcoming cancer is the fact that cancer cells are derived from our normal cells and share the same DNA and major metabolic pathways. Hence, it poses a unique challenge to design therapies that can specifically target only the cancer cells and spare healthy tissues. Cancer develops as a result of the accumulation of somatic mutations in the cells. This leads to unregulated growth and expansion of these cells while ignoring the normal signals of apoptosis. Our immune system is naturally equipped to protect our body by the recognition and elimination of any such abnormal cell. Yet cancer develops, despite the best of immunosurveillance mechanisms. This has been attributed to the process of immune-evasion, whereby the cancer cells manipulate various molecular mechanisms to evade the sentinel army of the immune system. For example, certain tumors may downregulate their surface expression of antigens for recognition by the major histocompatibility complex (MHC) molecules, or there may be a heterogeneous expression of multiple antigens by the same tumor. Certain tumors may also 'hide' themselves from killer T cells by inducing anergy through the process of 'tumor tolerance'. In addition, many cancers also directly suppress the various components of the immune response by blocking numerous signaling pathways, leading to an overall impairment in the immune defenses of the body.
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ing have made it possible to empower the cells of the immune system with miraculous results being achieved. This has led to the emergence of the fourth pillar in cancer management-"Immunotherapy".
Cancer immunotherapy involves modulating the patient's own immune system to fight against the cancer cells. Presently, cancer immunotherapy is based on two major approaches. The first one is a 'passive approach' based on treatments that enhance the body's immune response and make it stronger. It consists of using cells or antibodies which compensate for any deficient immune functions. These can be made exogenously in the laboratory and transfused to the patients. These therapies include the adoptive transfer of T cells, tumor-specific monoclonal antibodies, and cytokines. The second approach is an 'active approach' where the host's immune system is challenged with an antigen to generate an antitumor immune response. Hence, the patient's immune system should be able to respond upon being challenged. Another way of stimulating the immune response is to use drugs which inhibit the immunosuppressive actions of the tumors. This would be analogous to removing the 'brakes' applied on the normal immune responses by the tumors. The active therapies include 'vaccination' with tumor antigens, the use of 'dendritic cells' as vehicles for tumor antigen delivery, and 'antibodies' targeting crucial 'checkpoints' of T-cell activation. 3, [6] [7] [8] Currently, more than 2,000 clinical trials are ongoing, carrying out research on the various approaches to cancer immunotherapy. They are listed on ClinicalTrials.gov. 9 Based on the above considerations, some of the promising immunotherapy options are:
• Adoptive cellular therapies (ACT): Tumor infiltrating lymphocytes (TIL), T-cell receptor (TCR)-T cells and chimeric antigen receptor-T cells (CAR-T) • Checkpoint inhibitors • Cancer vaccines • Oncolytic virus
• Therapeutic monoclonal antibodies • Cytokine-based immunotherapy Figure 1 depicts the various approaches that are used as a part of immunotherapy to target cancer cells.
Adoptive Cell Therapies
Adoptive cellular therapy (ACT) is coming up as the most exciting treatment in anticancer immunotherapy. It is a very personalized therapy that involves isolating T cells from the patient which are then expanded in vitro and subsequently reinfused. The initial demonstration that T-Lymphocyte cells had the potential to treat cancer, came from the success of 'allogeneic stem cell' transplantations. But it was observed that the efficacy of natural T cells was limited, as the transfused T cells were polyclonal and lacked either sufficient specificity or adequate numbers to control the tumor. The drawback was obviated by the use of genetic engineering to manipulate the T cells into expressing unique receptors which would be highly specific. It was a major breakthrough, as now the T cells could recognize and eliminate tumor cells with high specificity when transfused into the body. In addition, mechanisms for the expansion of existing populations of T cells were also developed, leading to their increased production in relevant doses. 7, 8, 10, 11 
Tumor-infiltrating Lymphocytes
Tumor-infiltrating lymphocytes (TIL) were among the earliest used adoptive therapies. They consist of a heterogeneous population of cells found infiltrated in or around the tumor and include T-cells, B-cells and NK-cells, with the main component of T cells. A fraction of these T cells express receptors (TCR) directed against specific tumor antigens, which particularly recognize and kill the tumor cells. However, these 'tumor-specific' T cells are limited in numbers and unable to overcome the cancerous cells. In TIL therapy, these very T cells are harvested from the resected tumor and then cultured, expanded and overactivated by IL-2 before being reinjected into the patient. The advantage of this therapy is that these specific T cells are now vast in numbers and all highly trained and supercharged for maximum effect on that tumor. [11] [12] [13] TILs have been used successfully for the treatment of metastatic melanoma. The trials done so far have reported objective response (OR) rates of 38-55% as evaluated by response evaluation criteria in solid tumors (RECIST), with 22% patients achieving complete tumor regression (CR). It is also encouraging to know that of these patients who achieved a CR, 98% have not experienced any recurrences at follow-up times of 5-10 years and are probably cured. It thus appears to be an effective and possibly curative treatment for many patients with metastatic melanoma who can receive it. Although this strategy appears promising there are several limitations to this approach. Firstly, the TIL's are extremely limited in numbers and generating sufficient TIL cells can be a complicated and time-consuming process. Besides, TIL therapy makes it necessary for each patient to have a surgical resection. Also, for reasons that are not fully understood, adoptive transfer of TIL has not shown the desired results in other malignancies.
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T-cell Receptor-T Cells
TCR-T cells are T lymphocytes which are derived from peripheral blood and have been genetically modified and cloned to produce a TCR with targeted affinity. This is achieved by using a retrovirus that encodes a TCR. Here only the extracellular domain of the receptor is modified to provide for a better specificity to the tumor antigen. This confers the lymphocytes, the ability to specifically recognize tumor cells and kill them. These T cells recognize processed peptide antigens expressed in the context of MHC. However, its utility also becomes limited for this very reason. Since it is MHC restricted for antigen detection and most tumors are known to downregulate the MHC expression, this allows tumor cells to finally escape recognition. Yet, certain advantages of these cells are that they can be produced from peripheral blood T cells (unlike TILs) and can recognize intracellular antigens (unlike CAR-T cells). They have been used with limited success in certain cancers like metastatic melanoma, multiple myeloma, synovial sarcoma, and colorectal carcinoma. [15] [16] [17] In a study by Morgan et al., on patients with metastatic melanoma, a response rate of 13% was demonstrated (2 out of 15 patients achieved CR). Though this was lower than that achieved by the infusion of autologous TILs (50%), the TCR-T-cell therapy has the potential for use in patients for whom TILs are not available. 18 Another study by Rappaport et al., in patients of multiple myeloma, using the NY-ESO-1-specific TCR-engineered T cells has generated encouraging clinical responses in 16 of 20 patients (80%) with advanced disease and a median progression-free survival of 19.1 months. 19 However, a major concern with this therapy has been the 'on-target/off-tumor' toxicity and decrease in TCR transgene expression over time leading to the ineffectiveness of the therapy. Hence, while higher avidity TCRs may be associated with better tumor responses, the probability for off-tumor toxicities may also be increased. Further clinical studies with probably human-derived affinity-enhanced TCR may be the way forward to overcome the shortcomings. [16] [17] [18] Chimeric Antigen Receptor T cell Among the adoptive cellular therapies, the "CAR-T" cells appear to hold excellent prospects for the future. To overcome the limitations of TCR-T cells, 'CAR' technology had been developed. CAR-T cells express an artificial receptor, the chimeric antigen receptor (CAR) on their surface. It is a transmembrane structure with intra-and extracellular parts. It composed of T cell receptor 'constant domain' (TcR) fused to a B cell antibody's 'variable domain' (V). Hence it confers the T cells with an antibody-like specificity and simultaneously activates them to execute their effector functions. The advantage of such CAR-T cells is that they can recognize full antigens independently from MHC restriction in contrast to TCR-T cells that are MHC restricted. When targeted to a specific surface tumor antigen, CAR-T cells proliferate and destroy the tumor cells upon antigen contact. 13, 16, 17, 20, 21 In clinical practice, the T cells are derived from the circulating T cells in the patient's blood. Subsequently, the patients' tumor is sequenced to determine the best extracellular antibody arrangement and the construct is built. The T cells are then genetically modified (transduced) by the introduction of TCR genes via viral vectors or CRISPR technology (clustered regularly interspaced palindromic repeats), activated and amplified before being reinjected into the patient. This means that each CAR-T cell is very specific since the construction is made to target the patient's particular tumor with high efficacy. This innovation has made substantial progress in the treatment of hematological malignancies. CAR-T cells with specificity for CD 19 (anti-CD 19 CAR-T cells) have generated complete and durable remissions in patients with refractory and relapsed B cell malignancies. Specifically, B cell acute lymphoblastic leukemia (B-ALL) has shown the best prospects to date demonstrating response rates up to 90% and morphologic CR rates of 67-90% in some of the major trials done so far. 16, 20, 21 Whether this therapy would improve overall survival will only be established once long-term data become available.
Although CAR-T cell therapy has shown impressive clinical benefits in hematological malignancies, they have not shown the desired results in solid cancers. A major reason for this has been the limited ability of CAR-T cells to infiltrate and persist in the solid tumor microenvironment and their dose-limiting toxicities. Nonetheless, few studies done on patients with high-risk neuroblastoma reported complete remission in three of 11 patients (27% CR), and in another phase I clinical trial, a CR of 50% was achieved. 22, 23 In addition, few recent clinical trials have also demonstrated the feasibility and some efficacy of using this therapy for glioblastoma multiforme, which is one of the most aggressive forms of a primary brain tumor. 16, 24 The successful clinical outcomes using CAR-T therapy, however, are not without dangers and may be associated with life-threatening toxicities. A major concern is the cytokine release syndrome (CRS), which occurs due to rapid T-cell proliferation. Other feared complications are neurotoxicity and the 'On-target, off-tumor' toxicity which need further addressal. Therefore, to enhance safety and limit toxicity, special genes, the 'suicide genes' are being introduced in T cells which can be activated in case of adverse events and also eliminate transduced T cells after eradication of the disease.
So far three generations of CAR-T cells have been developed which have been given FDA approval and the fourth generation, so-called 'TRUCKs' or 'armored CARs' are undergoing clinical trials. The third generation of these cells exhibits improved durability as well as proliferating capacities. They have variations in the intracellular side with different co-stimulatory molecules attached to it, such as CD 28 , OX40 and/or 4-1BB to mobilize multiple molecular pathways for efficient T cell effector functions. Besides this, another notable feature of CAR T cells is their ability to self-amplify and persist in treated patients for long periods of time. They are hence aptly named the 'living biological drugs'. 13, 16, 17, 20, 25 Checkpoint Inhibitors
An important function of the immune system is to distinguish self from non-self antigens. Under normal conditions, to prevent autoimmunity, 'checks' or restraint has to be applied at certain points in the course of the immune response, to protect the host from unopposed T-cell activation. This is immune tolerance and the checkpoints are akin to brakes in the immune system. These checkpoint pathways are one of the important mechanisms which the cancer cells use to their advantage to slow down the immune system and prevent it from attacking them. The molecular receptors, which are crucial in mediating these pathways are cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) and programmed death protein 1 (PD-1). These are present on a wide range of cell types like Regulator T cells (T-reg), CD4, CD8, B cells and Dendritic cells (DCs) among others. When the ligands (B7-1/2 and PD-L1/L2, respectively), bind to these receptors, 'inhibitory signals' for T cells are generated which decrease the T cell proliferation and cytotoxicity, and increase T cell apoptosis. In cancer patients, the tumor cells upregulate these pathways by producing such ligands which bind the receptors. This activates the checkpoints and keeps the brakes 'on', on the T cells. Both CTLA-4 and PD-1 act independently as brakes and operate at different stages of an immune response. Hence the development of drugs which could restore the immune functions by removing the brakes on them was under much focus in clinical trials. 16, [26] [27] [28] Specific monoclonal antibodies have been developed which can interrupt the receptor-ligand interactions and revive the T cell capabilities of the immune system. These antibodies are known as checkpoint inhibitors. Interestingly, ongoing clinical trials have reported that simultaneous blockage of CTLA-4 and PD-1 pathways significantly enhances the anti-tumor reactivity of T cells. Besides, an advantage of checkpoint inhibitors is the feasibility of using these monoclonal antibodies as off-the-shelf therapy in a spectrum of malignancies. Presently, several drugs are under development; however, only a few have been given FDA approval for certain cancers. The anti-CTLA-4 drug Ipilimumab and anti-PD-1 drugs, pembrolizumab and nivolumab have provided durable and long-term survival benefits in patients with melanoma and non-small cell lung cancer (NSCLC). In addition, nivolumab has been approved for kidney cancer, bladder cancer, head and neck cancer, and Hodgkin's lymphoma. Besides these, the anti-PD-L1, drugs, atezolizumab, avelumab, and durvalumab have been prescribed for treating bladder cancer, Merkel-cell carcinoma, and urothelial carcinomas, respectively. [26] [27] [28] [29] [30] Although checkpoint blockade overcomes many immune-suppressive mechanisms, most patients do not benefit from this therapy clinically. Besides, severe immune-related adverse events including pneumonitis, pancreatitis, and colitis have emerged as potential limiting factors. These are relatively infrequent but can limit therapeutic options for some patients. Also, the role of other checkpoints like TIM3 (T cell immunoglobulin and mucin domain-3), LAG-3 (lymphocyte-activation gene-3), B7-1 and TIGIT(also called T cell immunoreceptor with Ig and ITIM domains)also need to be taken into consideration in the process of immune escape of tumors. To overcome the above limitations, complementary immune agonist therapies may be required to be used in the future. 10, 13, [30] [31] [32] 
Cancer Vaccines
Vaccines have traditionally been used as a preventive form of therapy. However, the vaccines available for management of cancer are available in two forms, as preventive and therapeutic vaccines. The preventive vaccines are given to prevent certain viral infections which may otherwise lead to cancer development in the future in genetically predisposed patients. At present, the vaccines that have been approved by the US FDA for prophylactic use are available against human papilloma virus (HPV) which is known to cause cervical cancer and vaccine against hepatitis B virus (HBV) which is known to cause liver cancer.
The 'therapeutic' vaccines, on the other hand, are intended to treat an existing tumor. Hence they are given to patients only after the development of cancer. These vaccines induce tumor-specific or tumor-reactive immune responses in vivo by mobilizing the immune effector mechanisms to specifically attack and destroy only cancer cells and spare normal cells. In essence, therapeutic cancer vaccines are intended to inhibit further growth of advanced cancers and/or relapsed tumors that are refractory to traditional therapies. Conventionally, therapeutic vaccines have been divided into four main categories: (1) cell-based vaccines, (2) peptide vaccines (3) viral vector vaccines and (4) nucleic acid vaccines. The most promising of these till date is the 'cell-based' vaccines among which the dendritic cell (DC) based vaccines have become very popular since they are comparatively safe for use in humans.
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Dendritic Cell Vaccines
Dendritic cells (DC)are antigen presenting cells which harbor the intrinsic mechanisms to stimulate both adaptive and innate anti-tumor immunity. As such, DCs have been used as the progenitor of cancer vaccines. Two approaches are used currently to design such vaccines 'in vivo' and 'ex vivo'. The first one involves, direct targeting of antigens to DC receptors in vivo and the other one involves ex vivo generation of antigen-loaded DCs. [36] [37] [38] [39] Sipuleucel-T (Provenge) developed by Dendreon Corporation is the first FDA approved autologous DC vaccine that is being used in the treatment of prostate cancer since 2010. It is generated ex vivo. It was approved for use in asymptomatic or minimally symptomatic metastatic hormone-refractory prostate cancer. It was developed by modifying autologous DC to express a 'fusion protein' comprising of prostatic acid phosphatase (PAP) antigen and granulocyte-macrophage colony-stimulating factor (GM-CSF). The PAP antigen is almost universally expressed in prostate cancer cells, and the GM-CSF provides a maturation factor for the DC. 40, 41 The treatment protocol involves extracting the patient monocytes and subjecting them to leukapheresis method to extract the antigen-presenting 'dendritic cell'. These cells are then sent to a laboratory where they are coincubated with the fusion protein, which is taken up, processed, and presented on the cell surface. In this activated antigen-presenting state, the DCs are then sent back to the treating center where they are re-administered to the patient. Three courses of treatment have to be administered over 6 weeks to trigger an immune response. 37, 40, 41 Presently, cancer vaccines are still in their infancy and need to go a long way to achieve favorable therapeutic outcomes in various cancers. Hence, identification of immunogenic neoantigens and development of carefully designed immunotherapies which could foil the escape mechanisms of tumors is of paramount importance for the advancement in cancer vaccines.
Oncolytic Virus
Oncolytic viruses are viruses that can directly "lyse" (destroy) cancer cells and can also activate other cells of the immune system or induce novel non-self-antigen responses by immune cells to eradicate cancer from the body. The advantage of oncoviral immunotherapy is attributed to the specificity of oncoviruses to target tumor cells exclusively and no other replicating cells. They are injected directly into the tumors. Hence they have markedly lower rates of serious adverse effects. In addition, these viruses are less dependent on specific receptor expression patterns and therefore are less susceptible to the resultant mutational or transcriptional resistance that may otherwise occur. Most of the available oncolytic viruses presently are genetically modified to enhance tumor tropism to reduce the virulence for nontumor host cells. The best studied so far are herpes viruses as they are found to possess some native tumor cell tropism too. Hence, the oncolytic virus is an impressive new multifaceted approach, specifically and effectively targeting and destroying malignant cells. However, the only barrier to these therapies presently is that they have a limited therapeutic response to currently available delivery techniques. At present, one oncolytic virus, talimogene laherparepvec, or T-VEC (Imlygic), is approved by the FDA for the treatment of metastatic melanoma. 8, 10, 42 
Monoclonal Antibodies
Monoclonal antibodies (mAb) were among the first treatments tested and validated as anticancer therapies apart from classical treatments. They target and bind to certain antigens (tumor-specific antigens or tumor-associated antigens) on the surface of cancer cells, leading directly or indirectly to cell death. This can take place by three main mechanisms, (a) direct cell toxicity by blocking downstream signaling pathways needed for tumor cell growth (b) immune-mediated tumor cell killing, e.g., by antibodydependent-cellular-cytotoxicity (ADCC) or a complementmediated-cytotoxicity and c) by blocking angiogenesis. 43 Rituximab was the first mAb approved for clinical use in 1997 for lymphoproliferative disorders. Today antibody treatments are one of the most successful strategies for treating patients with hematological malignancies and solid tumors. They have been rightly described as "magical bullets" due to their tumor antigen specificity. They are divided into two types, naked antibodies (not linked to any active factor) and Conjugate antibodies (conjugated with an active factor like a drug, toxin or radioisotope). Conjugated antibodies can be more powerful, but they can also cause more side effects. Despite their clinical efficacy, the therapeutic MAbs are rarely potent enough by themselves and thus are usually administered in combination with chemotherapy. However, their success in causing regression of malignant disease in certain patients with incurable cancers have made them an important part of the therapeutic repertoire in treating various malignancies. 43, 44 
Cytokine Therapy
Cytokines are considered to be major regulators of the immune system and were also used as one of the earliest modalities in the treatment of cancer patients. They are known to stimulate a general immune response as opposed to generating a targeted response to a specific antigen. Presently, only two cytokines, interferon alpha (IFNα) and interleukin-2 (IL-2) have received FDA approval for treatment in cancers. 45, 46 IFNα was the first cytokine approved for the treatment of hairy cell leukemia (HCL) in 1986. Since then it has also been approved as an adjuvant for treatment of high-risk melanoma patients and other refractory malignancies. It works by activating the NK cells and inducing tumor apoptosis. The IL-2, also known as T cell growth factor, acts as an adjuvant too, to facilitate activation of immune cells in the host to finally kill the cancer cells. It does not by itself act on cancer cells.
The cytokines are, however, often associated with severe dose-limiting toxicities. Hence, their clinical application presently is more focussed on combining them with other biological agents to increase their therapeutic efficacy. Also, the search for novel agents that can circumvent these toxicities has led to the development of engineered cytokine mutants, the 'superkines', and the chimeric antibody-cytokine fusion proteins 'Immunokines', which are expected to provide targeted delivery and improved pharmacokinetics in the future management of malignancies.
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CONCLUSION
The interplay between the immune system and cancer is an intriguing one and uncovering diverse approaches to improve cancer immunotherapeutics is an ongoing phenomenon. Great strides have been made at the forefront of cancer management in the past decade, yet it continues to be a major health concern. Challenges have to be met yet, for certain cancers, especially for metastasized and cancers refractory to traditional treatments. Here, Immunotherapy has provided hope to millions of patients and can be considered a revolution in itself.
The future of immunotherapy is in combining various approaches to accomplish the goal of defeating cancer. Simply put, this goal can be accomplished by firstly breaking down the defenses of these cancers and secondly by creating an army of charged immune cells and unleashing them against cancer. In our search for the road that leads to a perfect cancer cure, many paths have been treaded. But to say that we have arrived is short of truth for though the road may seem near, it is yet so far.
